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COGNIZANT ARCHITECTURE FOR THE RESTLESS

ANNE JUDKIS
PRIMARY ADVISOR: DAVID SHANKS

In recent years, the demand for individualized environments has increased
dramatically. New technology has allowed us unprecedented control over our sound
environments, temperature zones, scheduling, etc. However, this new demand has
largely been independent of any complementary innovation in residential architecture,
requiring users to turn to gadgets like smartphones and tablets to provide these
personalized environments.
This technology has quickly overwhelmed our lives. WIRED Magazine, for instance,
calculates that the average American spends nine hours per day in front of a screen,
half of their waking hours.

Architecture has simply not caught up with this new American lifestyle. When an
architect would design a typical room, the design might look like the above image.

However, this is what a typical american room will appear, with gadgets, each one
performing a necessary function for the occupant, strewn about in an undesigned
fashion.

To discuss the problem in greater depth as it relates to sleep, the proliferation of
electric lighting over the past hundred years as well as the recent dependence
on screens is upsetting human circadian rhythm. This leads to loss of sleep and
less-restorative sleep, which can in-turn lead to problems ranging from impaired
judgment, memory loss, and irritability to immunodeficiency, increased risk of heart
disease, and increased morbidity of otherwise-moderate health concerns. This
problem is particularly prevalent among the student population; the University of
Michigan estimates that only 11% of college students get sufficient sleep throughout
the year.

This thesis will address this problem and demonstrate architecture’s potential to
interact with occupants for a customizable and optimizable environment through
the use of kinetic construction. In particular, I will focus on the optimization of sleep
in the college dorm room by ambient adjustments of the five main contributors to
sleep deprivation: sound, posture, brain activity, light, and temperature.

This combination of kinetics in architecture and embedded computation is called
“Ambient Intelligence” this refers to electronic environments that are sensitive and
responsive to the presence of people.  
Ambient intelligence is possible through the combination of kinetics in
architecture and embedded computation which allow for an environment to have
the ability to reconfigure itself, to automate physical change to respond, react,
and be interactive

My design focuses on a kinetic interior system that monitors the environment
through a motion-sensing and 3D-mapping camera and computer-to-computer
communication. The system consists of six basic layers working in concert; the
first layer is an undulating surface of internally lit individual fur tufts, the flexibility of
which will be the basic foundation for the various adjustments. Below this is a porous hard wall that acts as a neutral layer through which the tufts are extruded, and
the third layer is a hard cover that rotates around the tuft, allowing it to be stowed.
Below that is a heating and cooling panel that adjusts the temperature of the metal
rods holding the tufts, and the base layer is a motor controlling their movement.

Together, these wall panels construct a reconfigurable space to provide
the most optimal conditions for work, sleep, or personal comfort in a dorm
room. While these images show the room in its uniform maximum, medium,
and minimum states, the rooms can be reconfigured at will and can assume
multiple states simultaneously to cater to the multiple occupants.

Breaking the problem of sleep disruption down to its component parts, the
first piece that I will address is that of sound disturbance. The fur tufts on the
outermost layer of the wall segments deaden noise in two ways: The higher
frequencies will get absorbed by the fur, while the lower frequencies are
broken up through the irregular surface. Compare this with the reverberation
patterns on a more traditional room, in which the sound waves bounce off
the walls and reverb back to the source. A highly irregular wall composed of
these tufts would prevent this reverb using much the same principles behind
anechoic recording chambers. Because of the retractable nature of these
tufts, they can be withdrawn during the day to create a more standardized wall
condition better suited to daytime activities and socialization, while still allowing
an anechoic environment on demand.

The second factor is that of posture. It has been documented in recent years
that heavy smartphone users are beginning to develop a slouch starting at
the base of the neck where they are craned over their screens. Constantly
positioned in this way, the discs between vertebrae become damaged, which
can lead to permanent loss of range of motion.

This slouch is then carried through into sleep; people use additional pillows to
prop their heads into positions that align their necks in a similar manner to their
daytime posture. This not only exacerbates the problems encountered during
the day, but also leads to compressed lungs and resultant malabsorption of
oxygen, reducing sleep quality. Using ambient intelligence, the motion-sensing
and 3D mapping cameras in the room can measure the alignment of the
occupant’s spine, allowing the tufts to conform to the natural and healthier sleep
positions of the unique individual. Furthermore, the tufts can relieve pressure
on the lungs of side- or front-sleepers, alleviating traditional breathing problems
encountered by those who are prevented from sleeping on their backs, such as
sufferers of sleep apnea or acid reflux.

One of the major side effects of the convenience of technology in the 21st century
is the invasion of that technology into time that should otherwise be used to wind
down mental strain before falling asleep. Perhaps driven by a fear of missing out, it
has become commonplace to bring gadgets into bed with us so as not to be caught
unawares of any urgent social developments in the dead of night. Interaction with
this harsh light and the required mental stimulation just before bed leads further to a
restless sleep brought about by longer light REM cycles and shorter deep cycles. This
is of course to say nothing of the distraction notifications cause when one is trying
to work. With ambient intelligence, however, the system is connected to the user’s
personal devices, allowing them to receive notifications more passively and in the
periphery of their vision by recognizing patterns of movement in the tufts. An example
of that motion is shown here. Motion in the visual periphery is perceived much faster
by the brain than is light or sound, but that perception is by a different part of the brain,
one that is less conscious and more reflexive. This allows the occupant to receive the
notification without becoming distracted by it.

Distraction and mental stimulation, however, is not the only harmful effect of
gadgets just before bedtime. Another sleep inhibitor is the harsh blue light from
the screens, which blocks the body’s release of melatonin for a full half-hour past
the last exposure to the light. Being the body’s natural sleep-inducing chemical,
inhibition of this chemical will not only make it more difficult to go to sleep, but
will make it more difficult to stay asleep and make that sleep far less restful. Red
light, meanwhile, has the opposite effect, and allows the body to fall asleep more
rapidly and sleep more restfully, with the added benefit of allowing the eyes to
remain dark-adapted. There already exist lighting systems that adjust the color
balance of the light to personal preference, but this ambient intelligence would
take that one step further; the bulbs imbedded in the tufts would automatically
adjust the brightness and balance depending on the time of day or required
experience, shifting to red in the evening or shifting to blue to help the occupant
stay awake. Furthermore, this light would be nonlocalized, producing a universal
glow throughout the room of equivalent intensity and balance.

Finally we arrive at temperature control, which, despite already being a staple of
design, can be vastly improved upon. The idea of cooling a room down at night to
save energy has already been largely integrated into architecture, but what ambient
intelligence allows us to do is to sense when the occupant is getting ready for sleep
through the motion-sensing cameras, and then warm the room several degrees to
facilitate relaxation and allow the occupant to fall asleep sooner. This is done by
heating the rods that support the tufts; when the tufts are extended, these rods
radiate that heat into the room, raising the temperature. As the rods cool again, the
temperature drops, conserving both power and the body’s energy, needing not to
work as hard to drop its internal temperature. This would allow for faster and more
easily sustained sleep throughout the night while being a successful insulator and
power saver.

With this single wall section being capable of controlling all major factors that govern
sleep, this system will be able to optimize the efficiency of college students’ habits,
building a healthier routine through collaboration between inhabitant and architecture.
This will lead to a happier, healthier, more focused, and ultimately more successful
student body.

